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TEE MYXOMATOGENIC VIRUS. CONTRIBUTION TO THE STUDY OF CAUSATIVE
FACTORS OF DISEASE THAT ARE OUTSIDE OF THE RANGE OF VISIBILITY, 1),

Centralblatt fuer Bakteriologie, Parasitenkunde, u., Infektionskrank-
heiten, Abt. I: Mediziniech-Hygienische Bakteriologie uand Tierische
Parasitenkunde ( Central Bulletin of Bacteriology, Parasitology, and
Inftectious Disoiacs. Series.I: Mhdico-ﬂygienic Bacteriology and Ani-~

. mal Parasitology), Jena (Gornany), Yol. 23, No. 20, Jun 1898, pp
865-873. '

_ tute of Hygiene, Montevideo

1, Are There Bunteria in Nature Which Cannot be Detected Bndor s
Mioroscope?.

At present there is general agresmext to the effect that viruve
lence is a biological funetion of lower organisms. However, the '
causal relationship between misroorganisms and & considerable number
¢f -infectious’'diseases has not yet been iatahlishcd. Furthermore, the
diseases in question differ in regard to their nature, course, and une

usual characteristics from those of the usual infeciious type associated

with bacteria, which we recognize as suoh even when a specific gera.
that is immediately apparent. has not yet been discovered.

" Rabies and syphilis belong to this class of virulent diseases.
The properties of their yi:uhoa. their syndrome and course,

1) Report presented at the 9 th Intcruationalnccncrooa o? Bysiono and
nsupuphy, Ms.a. 20-17 m 1898

Prof., G. Sesnarelli, Director, Iuntig_"




the inner lesions associated witk them, the outward symptoms, the
mechsnism of their anatomical propagation and of their fncubation and
hereditary transmission definitely indicate the presence of a patho-
genic factor for theseutwo'diséases;.thetbiologyhot“which,rhéwévir;A.'
cannot be deduced unless we reject the bulk: of our knowledsc,PGr-'

taining to general criteris concerning the nature of organizéd
viruses discovered hitherto .

> Because it is improbable that nonorganized causative factors

of infection exist in nature, one is forced to assume that some

- diseases are caused by organisns which are so small that they are -

scarcely'visiblo to the human eye, although aided (such as, for ine
stance, the bacterium of peripneumonia Aiscovered some time ago by

‘Nocard and Roux), or else remain completely invisibie.

_ The new disease with which this report deals fﬁrninhcs ‘an
opportunity to cSomiidér this matter furthor(’/ &~

2. Myxomatosis of Rabbits, ¢

_ This disease broke out without apparent roasons'among rabbitd
" of the Institute of Hygiene in Montevideo in the beginning of 1896.
. Its symptoms were as follows: ‘
Rabbits that were perfectly healthy up to that tino oxhibitod
‘suddenly symptoms of a catarrhal blepharoconjunctivitis on both
eyes. ' -
After 24-48 hrs this initial lesion becane so severe,tRat“the
strongly inflamed and swollen eyelids were closed completely. The
eyoball was pressed back into the socket and the slit between the

eyelids was filled with a thick, profuse,catarrhally nppuuun n- e

cretion. ‘ oy

At the same time small suboutaneous tumors .varying-in sise de-
veloped in various parts ot the boay, alfcctin; particularly thc
sars and extremities.
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Almost simultoneously the head of the animal began to change
its shape: the month and nose became so thick that they assumed a
lionesque appearance. The openings of the rectum and of the genital

and urinary organs became asutely inflamed. The dreast nipples of
females became hypertrophic.

In general, the diseased rabbits exhibited in addition to
neoplastic tumors disporsod over the whole body surface a hyperplas-

tic process in all organs at 1ocations in which the akin tissue
, changcd into mucosa .

When this»stage was reached, the rabbits lived only for a tow
days (2~5) longer, while the symptoms described incrcased in gravity.
At the time of death, the animals looked deformed and repellent.

The results of postmortem dissections were generally as
~follows: subcutaneous tumors of gelatinous appearance with elastic

= - consistency and a prefusion of dlood vessels; h:portrophy of lymph v

glands, orchitis, and swelling of the spleen.
3. Histological Lesions in Myxomatosis.

Fixation of anatomical specimens, which altered roadily,
to be carried out by using Huollcr’s or Flemming's lxquid or else
merouric chloride.

A microscopic examination of neoplastic tissue and of
 organs which showed anatomical changes dincloncd‘tho following facts.
The subcutaneous tumors consisted of typical myxomatous

‘tiusun with a predominance of ntar-lhapqﬂ elenents and with aumerous
capillary dleod voacola._

who awelling of the oy.lid. consisted of a huge acon:alazion
of newly formed ayxomatous clc-'nts. which incron:cd the thickness ot
the eylids by a factor close to ten.-

The swelling of oxzornal arifioon, which was one of the
most spoci!!e l.pnet- o2 tho a:-...o. vas Cﬁo ’rodonanaatlr to the
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presence of tissue of edematous appsarance which consisted of tb

mixomatous elements descr:had abave. :

The hypertrophy of the spleen and of the lymph glands wWas sus.
caused by the presence of newly formed myxomatous tissue as well as
hemorrhagic infiltration .

In general, the specific nature of the histologicsl lesions
was the same in all organs affected.

Myxomatous tumors associated in a regular manner with defianite
organs were present.

4, The Myxomatogenic Virus.

What is the nature of the specific agent responsible for this
strange pathogenic process?
Every search for a bacterial or other parasitic form of life

with the application of all techniques that can be applied at a labora-

tory at present remained unauccesstul, Although the explanation can be
advanced that the causative factor could not be detected only because
owr methods of investigation were inadequate, I still conclude that
the etiological factor does not belong to any form' of organized life
which we are at present accustomed to regard as the cause of specific:
diseases.

Nevertheleas, infectiouns myxonatbsil is tranamisaidble without

. restriction from one rabbit to another; a drop of blood, a particlo ot
. & tumor , & trace of secretion from the eyelids, or a particlo 1 4

_1ntontino proved oqually virulent in this respect.

On the other hand, urine (either clean or containing hemaglos -

bin), plourul locrotiou. nnd tho hnnor uqucn- aia not tran-nit tho
"p““‘o . .

Exporinnntal trnnanﬁocion of the di-cns could be carriod 6ﬁt

’ lnbcutnnocunly.cndovononcly by wa; of the stennch, 0ndocularly
" a) Snboutan-oun Infestion, B , o o
RS Infection tonk p&ano 13 ovory instance when a .-511*.h§ua§ of




blood or a particle of tissue or of an organ derived from a dead
animal was introduced under the skin,

After an incubation period of b5 ﬁays, during which the animal
was perfectly healthy and gained weight, a myxomatous tumor formed
at the site of the inoculation, which increased in size until the
death of the animal., At the same time bilateral blepharoconjunt¢tivitis
appeared, which'dcveloped in the manner described above, and hyper-
plastic phenomena developed at body orifiéca.

The. older the animal, the slower and more noticeable was the
development of external symptoms. ‘

virus,
b) Endovenous Inoculation,

1. o Endovenous inoculation could be carried out bj injecting a
‘ trace of infected blood or a small amount of edematous iiquid . from
. & spécific .tumor. intd a.vein at the edge of an ear.

: The results were the same as those described adove. After the
" waual inoubation period, inflammation of the eyelids set in and all
other synptons tollowcd.

it st iavaitiasti

| o) Infection by Way of the stmoh.

It could be produced in a rabbit by -aking it uwallow a pioco B
ot some /ln!cotod/ organ, i. 8s th. :ploen, ‘the livor. or tho kidnoy..

!hb onset and course ot thc diooano as well ll the rclultn ot
the diosoction u'ro thn naln as uxtcr luboutnnton. or 1ntravnnoun
uooulution. i ' ‘ ' ' ‘

contury to vhat one nws h.m oxpoctod, _the «aotav'c'

CI.O‘.

Death usually occured on the 10 th day after inoculation of the

tract ap)ourod oonmlntoly pormal in thc antopq:. Just as $n 511 othor g




d) Endccular Infection.

A trace of virulent liquid injected into the front chamber of

- the eye sufficed to transmit’ the infection with ¢értainty. After an 3

incubation period of 4 days iridocyclitis of the the eje into which
injection had been carried out developed and shortly thereafter all
characteristic symptoms of the disease appeared.

5« Ways in Which the Virus of Myxomatosis Spreads.

My studies showed that the disease was transmitted td.apon-

e

.Lanedusly infééted rebbits by tae catarrhal-suppurative secretion
from the. eyes and nose. '

To reproduce this natural way of contagion experimentally,

. 4t was sufficient to touch the conjunctiva of a healthy rabbit with -
a platinum loop that had been drawn over the conjunctiva of a sick

- animsl. On the 5 th day the infected eye suddenly developed the
specific blepharoconcunctivitis, while on the 8 th day the infection b
spread to the other eye. On the 9 th day at the latest, the infected
‘animal died with all known aymptoms of the disease. o

It is unnecessary to repeat that one cannot dotoctvin thcb_.-

infectious eyelid secretion or isolate from it any pathogonic gora. | 1'}- ?
_ or parasite. : - S

- An attempt was ando to oatablish the tinn roquirod tor thn
. virus that had penetrated znto the bcdy to .proad into the blood
- .and into other organs. It was found that in rabbitc 1nthct0¢ by

~ the way of the stomach the blood became virulent atter ha bre and n

utr«ouulr infected rabbits after 24 hrs. | .

S : Thus, ccvural days bo:orc lpocitic cylwtoln ot tho di-calo de -_ |
- volopod and while the aximal uppartntly still aajoycd n‘rtiot honlth

* 4a the incubation period, the organs and the dlood were alrouly satu~
© . rated wit® theviruswhichwes [reseat in the highest conoentration,
"‘1'3u.t as is the case of the utnln inconaary or lnteat ncrtod ot tn-.
fb‘tion vith lwthilit R
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Upon spon! .neous cosgulation or centrifuging , the blood seruﬁ'ab-

was separated from the fibrin and morphological elements of the dlood.
Injections to rabbits indicated that both the coagulated fibrin and

the optically pure, completely sterile serum had the same 6apac1tyuto
infect.

6. Some Biological Properties of the Myxomatogenic Virus.

It was difficult to determine the concentration of the virus in
the blood of sick animals; the results obtained varied considerably.

When 1-2 drops of blood were introduced into a 200.cc dish with
meat broth, the latter acquired the:gcapacjty to.iAfect in i~ small
dose (1 cc) . even when the blood collected at the bottom of the dish
and did not visibly mix with main amount of liquid, which remained
cloar and colorless.

It is understandable that this was not dno to nropugation of
the virus, if only because transfer /of the capcit: to infect/ tron
one dish with meat broth ‘into another did nmot cnccood._

_ But the ayxomatogeais virus could bc reinforced by passage
B thronsh lovoral rabbite.

IR Tho discnno has bcou passed without 1ntorrnption tron rlbbit to
"rubbit in my laboratory from the beginning of 1896, when it was origi-
sally dilcovor'd. until the day of writing (Mar 1898). o

is a rocult of ropoatod pcnsa;ou. the virun becans more virulult.

~ s0 that the duration of the disease decreased and 1ts s7aptons wers.
L 'coumnuy simplified.

At prcsunt the ly:n-atogunic virus killn rabbits alron&y in S

‘ 5>¢ayn,_vithout:¢1vin¢ them tia. to dcvblop 4-rortnnv o:toraal l:lp-

'_'csnlldl. utich dovolo, oxact;; on the & ta day, 1o @y at ars befare

_ Ia canes ot thsl tyyo the 0:1; oztcrnal -g:pto- of con.oquonco .
_ are strong todlnaaac of the tonjunctiva and of the free sdges of the
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death.

The virulence of the virus was reduced 2s a result of aging
or of the addition of antiseptics.

The myxomatosis virus contained in the blood was preserved for
a long time by keeping the blood in Pasteur pipettes or in test -tubes

.that contained a 1°/,, solution of potassium oxalate. The blood

remained liquid in this solution, so that it could be used easily
for experiaents.

However, the virulence decreased with increased time of ato-~
rage of the blood.

It is impossible to derive a general rule, because the results

of 34 experiments varied somewhat. However, the blood kept ia Pastour

pipettes was still viruleat after 40 days and that mixed with the
potassium oxalate solution still killed after 50 days of storage.

~ The attenuation of the virus as a result of aging of thd blood

| . vas manifested by a longcr duration of the digease,in consequence of
‘which all specific lesions characteristic for thc disease dcnlopcd

more cuyhtch and mro EOXre severs.

~ The ottut of antiupttu was studied by mixiang rapidly 1 c¢

§ of their solutions witk 1 cc of blood that wags still 1iquid after
" being vitmm from the heart of aa anipal immediately after death.

The ottoct. of bortc acid (3X), lﬂunol (25). mercuric ehlortdt |
Q% ) pue Gran‘s liquid, fcrlauoh:dn (5%), and potmin per-
‘ mmto (2 ’/..) were nnstmtsd.

Contast of tho vn-u E Y 3 hrs with the oohtiou mtiomd- )

~ had 8o other .rt«e besides a slight reduction of virulence, which |

. _‘m oxyrouo& only in a longer duntion of the diseass Muod by
) tho viru ' :

!hu. the quutopuc ﬂru exhibited .a- u.htmo to thé

 most ‘effectivé qt_t-pou«u:m ‘at.preseat: to. a digree not showmn
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by any other germ constituting an organized form of life.

On the other hand, moist heat of 55° applied for a few minutes
sufficed to destroy the virulence of all products caﬁable of transr’
mitting infection with the disease.

7. Myxomatosis in a Dog.

The myxomatogenic virus rrcduced the disease syndrome regular-
ly in rabbits only. Mice, Guinea pigs, monkeys, and poultry were
generally resistant to the disease.

Experiments or dogs were successful in only one  cise:g ,

which is worth describing briefly because of the very interesting re-
sult obtained.

Kabbit blood in .amounts:: of 5 ce¢ was-administered to a bitech
of mixed bdreed weighing 11 kg, initially on 1 Oct 1896 and then
again at irregular intervals of 15-20 days.

On 4 Fov 1396, swelling of all breast nipples developed suddenly.
The nipples became as large as nuts in several days and acquired a
cancerous appearance. :

'A% the same time, nuserous nmu -.ttutod dy mmu appeared

‘over .the  whole skin surface , particnlurly on thn stonsch, the
cho-t, and the froat legs.

The surface of the latter parts of the body moon becape totally

' ,dovoid of bhair, while the akin npp01r¢d sunllcu and congested and v _
was cov-rod with a rash hasthg the fora of s &iffuse, pustulous orythana;»

The tlsht1y~ stretohed nkin broke in an 1»020:-1:; susber of

': places, while bloodia; dnv.lo;od 111 over it,

ca 8 Jan 1897, the tu-nra, on the a-z-nrr glands were czsir)utod
together with some pieces of skia. Scar development o2 the wounds
yroeccd.e ulouﬂa '

4 hiasologioal -tnly ot the tumors IhO"‘ th-x they canst:tod of




PP, ey

neoplustic tissue composed of major elementé of epitheloidal
appearance, similar to a cancroid or rather one of the types of prolie.
ferating dermitis or epidermitis that are observed in leprosy, qle-

phantiasisyandlcertain inflanmations of the skin and mucosa (Virchow's
pachydermia).

. Ths extensive awelling and: excessive tendency of the skin to

- bresk were apparently due L0 Leoplastic formaticn of myxomatous
tissue under tbu epidermis. "This tissue was rich in blood vessels and
‘very similar to that observed in rabbits - ' '

The bitch died on 3 Jun 1897 after exhibiting paresis and ele~
phantiasis’ - of the front legs as well as alopecia of the total skia

~surface accompanied by light hemorrhages. Ahatomical and bacteriolée ~*

. loglcal:iavestigations did not’ disclose anything.
| 8. Experimcats on Humsn Beings.

A complex of synptoma 8o striking in otiological, syzptomatio,
‘and ans.onlc respects reminded me of certain human diseases (derma-

_" tose:  ophthaimias) for which no specific, organized causative factors
- "hrd yst been discovered notwithatandins ‘eertain proofn for the infes~
' 4ious nature of the diseases.

v . In order to complete my study of the comparativc pathological
" aspects of the dilease, I decided to inveatigate tha ottcct of the

- nsznnatosia virus on the humsn orgxnism.'

, The virua.wag,nsed.in the form of completely pure serum of
rabbit blood that hau been witadrawn aseptically from the animel a
. Gay-before its death. ‘

This serunm , whieh in rabbits produced thc disease with a lothal
ouxcomo even when used 1n a very smell dose, wae kept for 24«36 hrs
.ﬁu a warming ¢! cmber, It remained colorless, clear, and completely
‘sterile, just - :norikl rabbit serua obtaincd on npontlnooun coagu- |
lation of the blood. ' '
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The results of two experimenis on humen beings were as fellows,

The serum of rabbits with xyxomatosis, on being injected in a dose
of 5-6 cc into the conmective tissue under the skin in the gluteal
région, preduced congestion phenomena ir the conjunctiva accompanied
by edematous swelling and proncunced pain sensation in the eysball.

These phanomaena disaﬁreared rapidly after inlections of the
virnlent serur had been discontinued. ‘

9. Attempts at Vaceination and Serum Therapy o

Experiments on the vaccination of rabbits by applyiag various
metlods in use (attenuation of the virus with heat and antiseptics,
siministration of small doses, etc.) did not léad to any results. All
attempts made hitherts at the vaccimaticn of rabbits against the

\ virns of uwxnuazesis remained nnzuccessful.

During the continuona two-year long passage of the disease

- from rabbit to rabbit at ths insitute in Montevidec, twc .rabbits
thdt-had been injected with the virus nnd exhibited all external sym-

a toms of the disease (ophthalmia, sweliing of body orificea) ‘reco-
. v.red subsequently.

The fact that these rabbits had acquired immunity was confirnea‘

by multiple and. profuse injections of vitulent blood, which was

taleratod perfectly uell.

The serum of thcso rabbits as well as that of-a dog 1nj¢cted 3

for 10 mos from tims to time with large amounts of virulent blecod were
tried on rabbits with the purpose of prophylaxis and therapy.

The results of these experiments were entirely negative.

Consequently, infectious myxomatosis also differed with respect
to the mechanian of vaccination and the production of substances
having specific curative propsrties from diseases caused by bascteria,

because this is the first time thet the serum of an znimal completely

ismmunised against an infectious disease was abszolutely inactive

prp—
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in the prophylaxis and therapy of the disease in question.,

Montevideo, Mar 1898,
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